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FLORA — FLEX Leaf Observation and Retrieval via Hybrid Approaches: A Multi-Sensor
Framework for Calibration and Validation of FLEX L2B/L2C Products
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FLORA: FLEX Leaf Observation and Retrieyél via hybriS’Arb‘pr,eagHes esa

Vegetation regulates the global carbon and water cycles through biochemical and structural properties

operating across multiple spatial and temporal scales
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2 ScEon Where FLEX Fits?
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=
FLEX measures Sun-Induced Fluorescence (SIF), a direct
% optical signal of photosynthetic activity.
=
FLEX retrieves vegetation structural and biochemical
§ properties at canopy and landscape scales (300 m).
§ Together, FLEX products (L2B,L2C) link plant physiology to
ecosystem-scale carbon fluxes (GPP).
§ 1 -
Organ Individual Ecosystem Landscape
Wantong Li et al 2024 Environ. Res. Lett. 19 073008 2
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FLORA: FLEX Leaf Observation and Retrieval via hybrit’!Appreaghes esa

The project validates FLEX Level-2C vegetation products (LCC, LAI, LCARC, and fPAR) and Level-2B SIF
through a multi-platform strategy involving UAV campaigns, field sampling, radiative transfer

modelling, and multi-sensor satellite data.
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FLORA: FLEX Leaf Observation and Retrieyél via hybkig Ab‘prc‘)aqﬁes @esa

FLORA - FLEX Leaf Observation and Retrieval via hybrid Approaches

Subtitle: Calibration and Validation of FLEX Level-2 Vegetation Products Using UAV Earth
Observation, Radiative Transfer Models, and Ground-Based Observations in ICOS Forest
and Grassland Ecosystems

Consortium
e e
UNIVERSITY OF TWENTE. TUDelft =
]
WAGENINGEN }é% Koninklijk Nederlands <
UNIVERSITY & RESEARCH (458 Meteorologisch Instituut é’

Minicrerie wmn Infracirennr en Wirerstanr

=
©
=

@ Consiglio Nazionale delle Ricerche

4

N ol c=e N = 1] D = om B e Il R im c= E == B mm [¥] THEEUROPEAN SPACE AGENCY



FLORA is designed around four contrasting European ecosystems

Coniferous Forest
(NL-Loo)

Dense evergreen trees

Cropland sites

Alfalfa crops affected by
insect outbreaks

FLORA Ecosystems

four-dominated environments

Ao

.
&
&

[ Con Aovihnc)
l\g-..:c ulder Dos)
@ Diverse deciduous and

evergreen trees

S

Grasslands areas
(Cabauw site)

Open fields with grasses
at ICOS site
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FLORA: FLEX Leaf Observation and Retrievél via hybrigAp‘prc‘)ac;HeS esa

In the Netherlands, FLORA includes the ICOS Scots pine forest at NL-Loobos with continuous eddy
covariance flux measurements, the mixed temperate forest at Speulderbos, and the managed
grasslands at the ICOS Cabauw site, all contributing to spectral scaling at FLEX spatial scales.

Netherlands

NL-Loobos Speulderbos forest NL-Cabauw
GG i close to NL-Loobos
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FLORA: FLEX Leaf Observation and Retrieval via hybrif Approaches

In Italy, alfalfa fields in the Lombardy region affected by Aproaerema albipunctella serve as dedicated
cropland test sites. These activities are funded within the ESA HYDRA-EO project framework.”

Alfalfa sites affected by biotic stressor
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FLORA: FLEX Leaf Observation and Retrieﬂyﬁél via hybkiS’Arb'pr,eagHes esa

To validate FLEX products, we need a multi-scale validation strategy, moving from leaf and canopy
measurements to satellite observations and ultimately to FLEX 300-meter resolution

FLEX (300m)

Scaling -up
(e.9., NL Loobos) ENMAP/PRISMA

SIF modeling

)

Intercomparison with
TROPOMI and GOME2

~3.5x7km ~40 km

Fluorescence
>

ESU-based spatial
variability assessment

Hyperspectral to define
satellite homogeneous
observations for sampling units
retrieving leaf

Heterogeneity at  biochemical

Sentinel 2 scales  properties

=8| UAVs-RT model: (multispectral)
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FLORA: FLEX Leaf Observation and Retrieyél via hybkiff Aﬁ‘pr,ﬁ')aqﬁes

Generation of Elementary Sampling Units (ESUs) to quantify the spatial variability of key VGs (e.g., NDRE, Red-edge
index, PRI), and main inverted plant traits to identify homogeneous zones within each 300 m pixel, thereby supporting
statistically robust field design and multi-scale scaling.

Scene 3 x 3 km (FLEX pixels at 300 m) &

NL-Loobos
NL-Cabauw

Alfalfa sites
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FLORA: FLEX Leaf Observation and Retrieval via hybriff Approaches Lesa

Generation of Elementary Sampling Units (ESUs) supports statistically robust field sampling design and
multi-scale upscaling to FLEX spatial resolution.

Satellite scaling Red-edge NDVI (e.g., NDRE) Define the ESUs Cochran, W. G. (1977)
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A single VGs may not fully capture the complexity of plant biochemical and structural variability, we
extend the ESU definition by coupling physically-based modelling approaches with machine learning to
retrieve functional plant traits.
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Eesa

FLORA: FLEX Leaf Observation and Retrieyél via hybkiﬁf Ab‘pr@apﬁes

ESUs identify homogeneous FLEX pixels for aerial- field campaigns and highlight heterogeneous areas

requiring careful scaling, where scaling uncertainty increases.

n ESUs

40

20

[e.g., Min n field data required for chlorophyll validation]
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FLORA: FLEX Leaf Observation and Retrie_y_él via hybfiS, Ab:préagﬁes | @esa

o

ESUs identify homogeneous FLEX pixels for aerial- field campaigns and highlight heterogeneous areas

requiring careful scaling, where scaling uncertainty increases.

n ESUs

40

20

[e.g., Min n field data required for chlorophyll validation]

-

Areas for aerial campaigns
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FLORA: FLEX Leaf Observation and Retrieval via hybriff Approaches

Eesa

These ESUs become particularly important when working in highly heterogeneous sites

Alfalfa sites

ICOS Grassland site
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Speulderbos Forest

+

Compared to mixed or more
homogeneous areas
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FLORA: FLEX Leaf Observation and Retrieval via hybriff Approaches Lesa

Aerial campaign when FLEX images will be available on the sites

UAV-Headwall Hyperspectral (400 — 1000 nm, < 1Tm) LIDAR

UAV-Headwall Hyperspectral Co-Aligned (400 — 2500 nm, < 1m) [ sysfem
High-resolution Thermal cameras
FluorSpec point sensor for SIF retrievals

The aqerial campaign is complemented by satellite observations to quantify landscape
heterogeneity across spatial scales.

Sentinel-2 EnMAP PRISMA LEX

ro’ O
+ ek

Satellite Time series { 4G . \
30m 30m " 300m ~3.5 x 7km ~40 km
e —
Validation FLEX Level-2C vegetation Validation FLEX Level-2B SIF
products (LCC, LAI, LCARC, and fPAR) 15
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FLORA: FLEX Leaf Observation and Retrieval via hybriff Approaches Eesa

Field campaign on the sites based on the ESU sampling design (Spring Summer 2027)

Non-Destructive leaf samples

Leaf physiological and canopy measurements

Chlorophyll content
(NBI)

Fluorescence emission
Leaf Area Index
Stomatal conductance
Leaf spectral

Destructive leaf samples

Biochemical analysis of leaf pigments (chlorophylls, carotenoids, anthocyanins), leaf water content
and dry matter content to assess photosynthesis and stress responses, as well as macro- and micro-
nutrients (N, P, K, Ca, Mg, S, Fe, Zn, Mn, Cu, B).
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FLORA: FLEX Leaf Observation and Retrieyél via hybkig Ab‘prc‘)aqﬁes @esa

Field campaign on the sites based on the ESU sampling design (Spring Summer 2027)

SIF measurements

Piccolo-Doppio System (continuous canopy-level SIF monitoring)

FLOX systems (high-frequency SIF and reflectance measurements)

Proximal sensing: Spectroradiometer Spectra Evolution (400 — 2500 nm)

Leaf and canopy reflectance measurements

Radiometric calibration using reference panels
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FLORA: FLEX Leaf Observation and Retrieyél via hybfi! Ab:pr,éagﬁes @esa

[

Linking FLEX SIF to Ecosystem GPP Using ICOS Eddy covariance Flux Towers
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FLORA: FLEX Leaf Observation and Retrieval via hybriff Approaches Lesa

Thanks for your attention!!!

FLORA - FLEX Leaf Observation and Retrieval via hybrid Approaches

Subtitle: Calibration and Validation of FLEX Level-2 Vegetation Products Using UAV Earth
Observation, Radiative Transfer Models, and Ground-Based Observations in ICOS Forest
and Grassland Ecosystems
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